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Abstract: „Karandafi‟ is a landrace of sorghum with identified anti-sickling 
property and rich in 3-deoxyanthocyanidin but mutant in nature. This tends to 
limit large scale production of this important drug used for the treatment of 
sickle cell anemia. This work is designed to study the effect of different 
concentrations of hormone alone or in combination with elicitor on the 
production of pigment in Karandafi in vitro. Murashige and Skoog (MS) basal 
media was fortified with different concentrations of 2, 4-D (0, 2 and 4mg/L) 
alone or in combination with 0.5 mg/L NAA or KN for callus induction using 
mature seeds as explant while MS media supplemented BAP (0-3mg/L) alone 
or in combination with 1mg/L KN, NAA or 50 mg/L yeast extract (Y.E) was 
used for pigment production. Data was collected on percentage callus 
formation, callus fresh weight, nature of callus induced, % shoot and root 
formation, number of root, shoot and root length. Highly significant difference 
was observed for all the traits measured. Media fortified with 2 mg/L 2,4-D 
alone or in combination with 0.5mg/L NAA and KN are optimum 
concentrations of hormone that can be used for callus induction while better 
callus growth was obtained in the media fortified with 4mg/L 2,4-D 
+0.5mg/LKN (3.43g). Pigment production was observed from the media 
fortified with BAP alone or in combination NAA, KN or yeast extract in 
Karandafi but with extraction and quantification the best treatment with highest 
content of 3-deoxyanthocyanindin can be determined  
  
Introduction  
The most efficient strategy to increase 
the production of the secondary 
metabolites is to trigger the synthesis 
with biotic and abiotic elicitors [1]. 
Karandafi is a landrace of sorghum with 
anti-sickling property. Sickle cell 
disease is a major genetic disorder that 
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affects most countries in sub-Saharan 
African where approximately 75% of 
the global 300,000births of affected 
children occur [2-4]. [5] reported that  
Nigeria has the highest burden of sickle 
cell disease globally. 
 
Sorghum bicolor is very rich in various 
phytochemicals and its extract is used in 
combination with other medicinal plants 
to treat sickle cell anemia and other 
ailments such as cancer in the traditional 
medicine. [6] reported that the extract 
obtained from sorghum bicolor has anti-
cancer, anti-diarrhoea, antimicrobial, 
anti-anaemic, immunodulatory, 
neuroprotective, anti-tryosinase, anti-
lipidemic activities, sedative effect as 
well as anti-sickle cell disorder.  Anti-
sickling property of leaf sheath obtained 
from Sorghum bicolor had also been 
reported and confirmed by National 
Institute for Pharmaceutical Research 
and Development (NIPRD) Abuja, 
Nigeria. A drug called NICOSAN 
developed from red sorghum leaves and 
other medicinal plants is used for the 
management of sickle cell anaemia [7]. 
Quite number of people that used 
„falala‟ made from Karandafi‟ in 
Katsina State had testified to its reversal 
effect on sickle cell (SS) to normal red 
blood cell (AA). „Karandafi‟ is mutant 
in nature, research has shown that the 
mutant sorghum is very rich in 3-
deoxyanthocyanindin and also it has 
been validated in most studies that this 
compound is produced in response to 
infection such as anthracnose [8]. But 
with tissue culture, secondary 
metabolites can be successfully 
produced in the absence of infection by 
using chemical elicitors and likewise the 
production of active compound can be 
achieved at any time of the year 
irrespective of climatic condition. The 
role of hormones and elicitor on the 
production of secondary metabolites 
such as flavonoids among others had 
reported [1]. Information on 3-
deoxyanthocyanindin production from 
„Karandafi‟ in vitro as well as the key 
gene that responsible for the production 
of this important secondary metabolite 
is still lacking.  In view of this, the focus 
of this study is to enhance the synthesis 
of pigment from „Karandafi‟ using 
hormone and elicitor.    
 
Materials and Methods  
Experimental Site  
This experiment was carried out in 
Biotechnology Laboratory in the 
Department of Plant Sciences, Institute 
for Agricultural Research (IAR), 
Ahmadu Bello University, Samaru, 
Zaria 
 
Plant Materials  
Karandafi seeds collected from farmers‟ 
field in Katsina State, Nigeria were 
multiplied for seed increase in IAR‟s 
field in 2016 raining season and used as 
explant 
 
Callus Induction and Maintenance  
[9] media was fortified with different 
concentrations (0, 2 and 4 mg/L) of 2,4-
Dichlorophenoxyl acetic acid (2,4-D) 
alone or in combination with 0.5 mg/L 
Naphthalene -3- Acetic Acid (NAA)  or 
0.5 mg/L kinetin (KN) for callus 
induction. The pH of the media was 
adjusted to 5.8 using 0.5 M HCl and 0.5 
M NaOH, gelrite (1.5g+0.5g/L) was 
used as gelling agent and the media 
were heated to boil for proper mixing. 
The sterilization of the media was done 
in an autoclave at 121˚C for 15 minutes 
and media was dispensed into bottles. 
Seeds were washed under running tap 
water for 20 minutes using detergent, 
and surface sterilized in 95% (v/v) 
ethanol for 2 minutes after which they 
were soaked in 40% (v/v) sodium 
hypochlorite (NaOCl) with 2 drops of 
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tween 20 for 20 minutes. The sterilant 
was decanted and the explant was rinsed 
3-5 times, placed on mats (comprised of 
foil paper and serviette) and allowed to 
dry before cultured. Five (5) seeds were 
cultivated in a bottle, four bottles were 
used per treatment and this was repeated 
twice. The seeds were placed with 
embryonic axis in contact with the 
media. More calli were further initiated, 
maintained in the media fortified with 4 
mg/L 2, 4-D + 0.5 mg/L KN and sub-
cultured after 8 weeks of age on 
cytokinin containing media with 
different concentrations of 6-Benzyl 
Amino Purine (BAP) ranging from 0-3 
mg/L alone or in combination with 1 
mg/L NAA or KN [10] with 
modification. Four test tubes were used 
per treatment. The same experiment was 
repeated with inclusion of yeast extract 
(Y.E) (50mg/L).  
 
Experimental Design  
The bottles were laid out in a 
completely Randomized Design (CRD). 
Data were collected on percentage 
callus formation, callus fresh weight, 
Nature of calli, shoot length, root length, 
%shoots and roots formation and 
number of root after eight weeks of 
inoculation. The nature of calli obtained 
in the cytokinin containing media was 
recorded at 12 weeks of age  
 
Results  
Sticking out of embryonic axis was 
obtained second day after inoculation 
(Fig 1.0), callus initiation started fifth 
day after induction. Whitish compact 
calli were initially produced from seed 
explant (Fig 1.0) with or without 
pigment up to 2-4 weeks of age after 
which some calli started changing to 
yellowish friable calli. Highly 
significant difference at 5% level of 
significance was obtained for percentage 
callus formation and other trait 
measured. 100% in percentage callus 
formation was obtained in most of the 
treatment fortified with 2,4-D  alone or 
in combination with NAA or KN. No 
callus formation was observed in the 
hormone free medium (control) instead 
shoots and roots were formed. 25% and 
15% callus formation were obtained in 
the media fortified with 0.5 mg/L NAA 
and KN respectively with pigment 
production observed from shoot and 
roots. More number of roots were 
obtained from media fortified with 0.5 
mg/ L NAA compared to hormone free 
media and media supplemented with 0.5 
mg/L KN (Table 1.0). Better callus 
growth was obtained from the medium 
supplemented with 4mg/L 2,4-D+0.5 
mg/L KN (3.43g) as shown in table 2. 
Pigment production was observed in the 
calli sub-cultured on the media fortified 
with different concentrations of BAP 
alone or in combination with NAA, KN 
or yeast extract. The calli obtained in 
pigment producing media were reddish 
in nature with pigment secretion in the 
media (Fig1.0). It was observed from 
this study that more pigment production 
was obtained from whitish compact 
calli, yellowish friable calli produced 
little or no pigment at all. Reddish calli 
were obtained from the media with and 
without elicitor. (Table 3)  
 
Discussion  
Callus induction in sorghum involves 
the use of different types of explants 
such as immature embryo, mature 
embryo, shoot tip, leaf among others. 
Auxin is used alone or in combination 
with cytokinin for callus induction. 
Callus induction was achieved in this 
study using 2,4-D alone or in 
combination with NAA or KN and seeds 
as explant. The responsive part of the 
explant is mature embryonic axes. 
Initially whitish compact calli were 
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obtained up to 2-4weeks before some 
calli began to change to yellowish 
friable calli. This is similar to what was 
obtained by [11] and [12]. The optimum 
concentration of hormone for percentage 
callus formation is 2.0 mg/L 2,4-D alone 
or in combination with 0.5 mg/L NAA 
or kinetin. This also agrees with 
findings of [12] that obtained the highest 
percentage callus in the media fortified 
with 2.0 mg/L 2, 4-D but in combination 
with 0.5 mg/L KN. The shoot and root 
formation obtained from hormone free 
media agrees with findings of [11] who 
obtained root and shoot formation from 
hormone free media using immature 
embryo as explant. Pigment production 
were observed in this study when the 
calli were sub cultured in the media 
fortified with different concentrations 
BAP alone or in combination with 
NAA, KN and elicitor and more 
pigment production was achieved using 
whitish compact calli while little or no 
pigment production was obtained from 
yellowish friable calli. This shows the 
suitability of whitish compact calli for 
pigment production. [13] also reported 
reddish type of calli from sweet 
sorghum. This implies that pigment can 
be produced with or without elicitor in 
some red sorghum. In addition to 
pigment production in some calli shoot 
formation was also observed but most of 
the shoots observed could not elongate 
further because of the metabolites 
secretion that suppressed their growth. 
Also more pigment production was 
observed from the roots obtained from 
the seeds; this means that roots can also 
be explored for pigment production in 
sorghum. 
 
Table 1: Means square of Analysis of Variance of Transformed Percentage callus Formation, 
callus Fresh weight and other related Character using 2,4-D alone or in combination with 
Kinetin, NAA  and Mature Seeds as Explant 
 
Source of 
Variation 
DF NWC
F 
TCF NWSF TSF NWRF TRF NOR SL RTL CFW
T 
PGR 8  2885.8
** 
193.6*
* 
3790.2*
* 
184.8*
* 
2667.9*
* 
288.1*
* 
8.2
** 
28.8
** 
2.9** 
Error 9  63.7 0.2 18.9 3.6 85.5 27.0 0.0
7 
0.37 0.24 
 
NWCF=No of Explant with Callus Formation, NWSF- No of Explant with shoot Formation, CF 
–Callus Formation,  NWRF- No of Explant with Root Formation, SF- Shoot Formation, RF-
Root Formation, SL-Shoot Formation, RL-Root Length, CFWT-Callus Fresh Weight 
 
Table 2: Effect of 2, 4-D alone or in combination with Kinetin and NAA on Percentage Callus 
Formation, Callus fresh weight and other related traits using Mature Seeds as explants on 
Karandafi 
 
PGR 
(mg/
L) 
  N
W
CF 
%CF TCF 
0 
CF
WT 
(g) 
N
W
SF 
%SF TSF
0 
SL 
(cm) 
N
W
RF 
%R
F 
TRF0 N
O
R 
RT
L 
(c
m) 
2,4-
D 
KN NA
A 
             
0 _ _ 0.0 0.0 0.0 0.00 20 100  90.0 4.0 20.0 10
0 
90.0 21.0 4.3 
2 _ _ 20 100 90.0 3.1 0.0 0.0   0.0 0.0 0.0 0.0 0.0 0.0 0.0 
4 _ _ 20 100 90.0 1.9 0.0 0.0   0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0 0.5 _ 3.0 15 16.6 0.7 20 100  90.0 4.7 16.0 80. 70.4 10.5 1.2 
2 0.5 _ 20 100 90.0 1.9 0.0 0.0  0.0 0.0 0.0 0.0 0.0 0.0 0.0 
4 0.5 _ 20 100 90.0 3.4 0.0 0.0  0.0 0.0 0.0 0.0 0.0 0.0 0.0 
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0 _ 0.5 5.0 25 30.0 0.7 19.
0 
95.0  80.8 3.3 12.0 60 50.8 0.0 0.0 
2 _ 0.5 20 100 90.0 3.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 32.0 11.
3 
4 _ 0.5 20 100 90.0 2.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
 
CV 
   
10.
5 
  
12.3 
 
26.1 
 
7.2 
  
15.0 
 
20.2 
 
19.3 
  
39.4 
 
73.1 
 
32.
0 
Mea
n 
  14.
2 
 65.2 1.9 6.6  29.0 1.3 9.8  23.5 7.1 1.9 
SE   2.1  11.1 0.7 0.7  6.0 0.4 2.6  12.8 7.2 0.8 
LSD   3.4  18.1 1.11 1.1  9.8 5.3 4.3  0.4 11.8 1.4 
 
 
Table 3: Effect of BAP alone or in combination with KN, NAA and Elicitor on callus type             
   
PGR        Type of Calli Induced  
B AP (mg/L)  KN (mg/L)  NAA  
( mg/L)  
Y.E (mg/L)    
0  0  0  0  Yellowish friable calli with little pigment  
1  0  0  0  Reddish compact+ yellowish friable calli  
2  0  0  0  Reddish compact +yellowish friablecalli  
3  0  0  0  Reddish and yellowish compact calli  
0  1.0  0.0  0.0  Whitish and yellowish friable calli with little pigment  
1  1.0  0.0  0.0  Reddish compact  + yellowish friable calli  
2  1.0  0.0  0.0  Reddish compact + yellowish friable + calli  
3  1.0  0.0  0.0  Reddish compact calli + yellowish friable calli  
0  0.0  1.0  0.0  Reddish  compact +  yellowish  friable calli  
1  0.0  1.0  0.0  Reddish compact calli  
2  0.0  1.0  0.0  yellowish friable calli with little pigment  
3  0.0  1.0  0.0  Reddish compact calli  
0  0  0  50  Redish compact + yellowish friable calli  
1  0  0  50  Reddish compact+ yellowish friable calli  
2  0  0  50  Reddish compact calli + yellowish friable calli  
3  0  0  50  Reddish compact calli+ yellowish friable calli  
0  1.0  0.0  50  Reddish compact calli + yellowish friable calli  
1  1.0  0.0  50  Reddish compact calli + Yellowish friable calli  
2  1.0  0.0  50  Reddish compact calli  
3  1.0  0.0  50  Reddish compact calli  
0  0.0  1.0  50  Reddish compact calli+ yellowish friable calli  
1  0.0  1.0  50  Reddish compact calli  
2  0.0  1.0  50  Reddish compact calli  
3  0.0  1.0  50  Reddish compact calli  
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Sticking out of 
embryonic axes 2nd 
day after inoculation 
Whitish compact 
calli without 
pigment at 6 weeks 
of age 
Whitish compact 
calli with pigment 
production at 6 
weeks of age 
Whitish compact 
calli without 
pigment production 
at 8 weeks of age 
 
 
 
   
Yellowish friable 
calli without 
pigment production  
at 8 weeks of age 
Callus with 
Pigment 
production at 3
rd
 
 
day of 
subculturing  
Reddish calli 
produced at 12 
weeks of age 
Root and shoot 
formation obtained 
from hormone free 
media 
 
Fig 1.0: Different types of calli , shoots and root obtained using  2,4-D, KN, NAA, BAP and 
Elicitors 
  
Conclusions 
Production of red pigment had been 
achieved from Karandafi using 
hormones and elicitor. There is need 
for extraction and quantification of this 
compound of interest in order to 
determine the best treatment for the 
production. Also there is need to 
maximize the production of this 
compound using bioreactor system and 
the key gene that responsible for the 
production of this compound needs to 
be tagged.  
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